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The present invention relates to an optical radar sys- 
tem for detecting and analyzing vibrations of a remcte 
body or surface, More particularly the invention described 
herein is a coherent optical radar system in which a 
fenerating means, such as a laser, is employed to generate 
and trursmit a continuous wave (ew) of clectramuenctic 
energy toward a remote tarzet. The system provides for 
receiving the reflected transmiued cw signal and for de- 
tecting acd translating the iaformation of the reflected or 
echo signal in terms of the charzeter of the vibrations or 
motion ‘of the remote body. 

The ure cf acw signcl it ener frequencies for detect- 
ing vibrations of a remete body his heretofore presenied 

robliems. In microwave and radio frequency radar sys- 
tems a stable Tocal oscillator may be conveniently used 
ta provide a reference signal used for heterodyning with 
the echo signal for the purpo-e of recovering echo phase 
information, At optical frequencies this arrangement is 
difficult to duplicate. Thus a cw coherent optical radar 
system employing oae sigazl generating means is a pre- 
ferred configucation. : 

Since a reverence signal in the form of part of the 
tranmitied siinal is recdhy obtaiyable, a cysiem of homo- 
dyniag, mixing the transmitted signal and THE ECO: ‘sig- 
dal, is ted in the sutject invention. Homodyning is a 
process of mixing. Homodyning is a pe ceess Gf mixing an 

echo sigeal and roe of the transmiucd signal so as to 
provide, arnongst ovher things, a signal which varies at 
or about zero frequency. Such variable signal is a function 
of the vibrations or mevements uf the remote body or 
suriace from which the tran,auited signal was reflected. 

Shorle homodyaing cf this kind presents the problem 
of foldover, where the srodulution sidebands en the echo 

signal, which are the functions of the vibrations or mo- 

tion of the remote body or surface, fold about the zero 
frequency. The fclding ef the sidcbanids about zero fre- 
quency distorts-the churacteristics found on the echo sig- 
nal. This distortion prevents true measuremient of the 
echo signal cha-acteristics. 

Our novel approach avoids the problem of providing 
@ separate local oscillaior at the optical frequency. Thus 
only one laser is emyoyed in the cw optical racar system 
and in a fiianner which avoids the problem of fold-over 
of the echo characteristics about the zero frequency. 

Our novel cw optical radar system involves homodyne 
mixing of the transmitted signal and the echo signal ia 
two quadrature chinnels folowed by quadrature ca 
lation with an intermiedicte frequency signal of subst: 
tially lower frequency than the transmitted frequency fie 
subsiantially higher frequency than any of the charactere 
istics found on the echo signal and summing of the modu- 
lation products before East demodulation. With this new 
ap. rach, the echo signal is reconstrucied at an inter- 
mediate ficquency so that the exact quality of the char- 
acteristics found on the echo signal, is preserved. 

Tris an object of the present invention to provide a cw 
aptical radar jutem for detecing and analyzing vibra- 
tions of a remote body or surface. 

Another ovject is to provice a cw radar system operat- 
ing at frequencies in the ociical range for detecting and 
analyzing vibvatioas of a rémcle bedy or surface in which 
the received echo signal is homodyned at the cacrier wave 
frequencies in {wo quadrature channels and quadrature 
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modulated at an intermediate frequercy for reconstruct- 
ing the echo sienal, et an inter.nediat+ freque acy, 

A further object is to Provide an Op..cal ridar sytem 
for deiccting and anc iy zing vibrations cr motion of a 
remote body or surface in which the epticsh frequency 
Signal generator serves for transmitting Use epcal free 
quency signal and for provid ing x refereace signi] thereby 
avoiding the necess.ty of providing a sccoid local escil- 
lator at the optical carrier frequency. : 

A furher object 1s to Provide an oplicnl rador system 
in which the echo sisnal is homoady ned i ia two quadrature 
channeis and the echo sign: dis reconstructed at un inter= 
medin:e frequency and is analyzed and transtated by cire 
cuit cleraenis employing coaventional frequency modula- 
tion and demodulation techniques. 

These and other objects will become apparent from 
reading the folowing description of aur insesion and 
the pringipics related thereto with reference to the accom 
panying drawings in which: 

FIG. 1 is a block diagram of the preferred form of 
the invention and 

FIG. 2 is a circuit diagram of part of the block diagram 
of FIG. 1. 

Refertiag in detail to the block diaeram of TIG. 1, 
an optical frequency continuous wave fox) signal pene 
erator, cerrestuted by block 10, cw Iovr. provides a 
transmitted sienal in the form of a light beim or column. 
The teanamnute tu beam is ates ate d Be ieceen line LL. 


ncip! es ¢ relat 
J shall be nsed 
eas of ceria 


to eesite a vitsue oa eer rea 
of the components of our system. With th 
be assumed that the signal output of the Lier 10 has un 
optical carrier frequency of “/a,. 

The Dght beam 1 is directed to, and if 
target 20, which is assumed _to be vibrs . An echo or 
reflected signal, represented ‘by brokea is reflecied 
from the target and includes thereca a phase ‘roduls ica 
component, which shail be referred to as ¢fr), wb ch is 
a function of the propagation prih lenz:h changes of 
the signal arising from the vitratiozal Fiot! n oof the 
target, with respect to the source of the tra #d sitnai. 
Aa amphiude modulation component, which shall be re- 
ferred to as A(t), is also picsent on the echo signal. 
Thus, at any one time the echo signal may be repre- 
sented as the transmiued carrier signal, modified by the 
phase modulation component, plus the amplitude modu- 
lation component, at that time. 

Since the frequency of the transmitted carrier signal 
may be represented as */2,, tien the instantancous value 
of the transmitted signal at time ¢ may be represented as: 


sin ot (1) 


The instantaneous value of the echo sigaal at time f 
may be represented as: 


49 sin (wt+¢(1)) Q) 


In our system the transmitted carrier signal serves as 
a reference signal; therefore beam splitters 12 and is 
are provided, each of which extrac ot . bsatapte of bean 
¥1 sas indicated by tro.en line 13 and broken line Us. 
It should be noted that for convenience of illustration 
tha verfeus beams bo. been aed 50 28 tO more 
cliarly retro ent the. Erocesses within car 
system. However, is. Suid be reciized that some of the 
seams, for ey e:m8 13 and 26, 16 and 27, 25 
aad 25, 37 and 23, ond 21 and 1, where these beams 
are shown parallel vw each other, would preferably be 
in coincidence and be projected along substantially the 
same axis. It should further be appreciated that cach 


uminctes the 


Approved For Release 2007/09/21 : CIA-RDP81-00120R000100060050-6 


Approved For Release 2007/09/21 : CIA-RDP81 -00120R000100060050-6 


pair of beam spiitters 12 and 24, and 1§ and 22 may. cach 

the some beam splitter, but each is separated and 
shown as individual beum splitters, for convenience and 
clarity of description. 

It should 2lko be noted that reflectors or mirrors 14 
and 17 would refect their respective beams from com- 
Mew points, re‘pectively so that the beams 13 and 26, 
associcted with reMocter H4, and beams 16 and 27 asso- 
citted with reMector 17 would each be in coincidence 
respectively. Further, since the beam spliners 12 ard 24 
mey te one beam saUiter and #8 ard 22 may be another 
ore beam splitter thea the beams 26 ord =S5 wculd be 
applied to the sume point er area as inputs ard the beams 
27 and 23 would be applied to another same point or area 
as inputs, The fareet 20 reflects the beam. If as 21 so 
that WL and 21 Would alsa be in: coincidence, having a 
susstantially common axis, 

With the above in mind, it will be seen that beam 
splitter 32 defects part of beam Il, as indicated by 13 
fo a mirror or reflector 14. The reflected beam from 
micrar 4 is represented as beam 26. Beam sphiter 18 
defects part cf beam If, as indicated by 16 to a mirror 
or reflector 17, Reim 16 js represented us passing through 
17a, Opt. Ph. Shift, representing a light Feam phase 
thifter. The purpose of 07a is to shit the phase of beam 
16 e<d thus besm 27, as will ke more fully described 
below. An alternate ciethod of providing phase shift of 
the beam 16, is hy pesitioning the mirror or re‘lector 
17 so as to Jer cthen or shorten the path length of the 
bezms 16 and 27. Beam 16 is reflected fram mirror 17 
whence it becomes beam 27, 

The covrige bean 1 illuminates the target 20 which 
reflects the sigral us echo beam 21. Beam 21 is split by 
beam splivter 22 as indicated by beim 23 und the beam 
splitter 24 deflects hoam 21 as indicated by bean 25, 

Ta order to evplain the desired rhe relationships 
among the sicnal and reference beams 23, 28, 26 asd 27, 
the pointy @ end & xre arbitrarily selected. It will be 
founc that as between the echo sterals 25 and 23 there 
may be a fived phuce difference. This may be cuused by 
the difference in path lengths cf the signals. This phase 
difference is mensurable and let it be assumed that such 
phase difference between beam 28 and boom 23 at points 
@ and & ressectively may be represented by @. 

The phase shifter, either 17a or, in the ahernative, the 
position of reflector 17 is adjusted so that the phase of 
beam 26 at point @ diters from the Faase of beam 27 
at point & by the angle 8+-7z. This is possible since phase 
shifter 17@ affects only beam 27 (and, also, 16) and is 
not in the paths leading to beams 25, 26 and 23, 

With such arrangement the Gperation of the receiver 
is not greatly derenaent upon the relative positions of the 
laser, the photemixers, and the target. After initial align- 
meat to establish the proper or desired phase relationship 
within the ictwork, the path lengths external to the 
network become noncritical, 

With the desired phase alignment accomplished the 
beam 26, at point a may be represented as: 


sin wf (3) | 


and the beam 27 at point 5 may be represented as: 
cos: (wf+e) (4) 


In other words it may be said that the reference beams are 
in quadrature: displacement. Further, since points a and 
& were arbitrarily seTecied, they could alco he chosen 
$0 a5 to make the phase difference equal to zero. Then 
@ becomes zero. 

Tres the echo signals 2§ and 23 at points a and 3, 
respectively, each may be referred to as: 


A(t) sin (otto) (5) 


The block diagram shows two channels, Channel One 
and Channel Two, in broken line blocks. Each channel 
includes a photomixer, an amplifier-filter, a. low-pass 
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filter, a diode mixer and an IF amplifier, each channel 
providing an output respectively to a summing network. 
A common intermediate frequency (IF) cseittstor (osc) 
Provides an oviput sigsnal to an IF phase splter which 
Provides IF siensls in phase quodrature, with respect 
to each other, to the fespective diode mixers. Thus the 
signal inputs to the diode mixers may orerzte to add to 
the phass shift between the teference <irnats so as to 
Provide a phase shift of 180° or may sub.ract from the 
phase shift between the reference sicn Oo a3 to sub 
rlantiaily eliminate the phase difference init! sty developed 
by 17a or, in the alternative, 17. The inter edinte fre. 
quency signal in its unshified form, is srpiled to the 
summing network to serve as A Carrier signuh 

Referring to the input signals to Chanocl One, the 
signals 26 and 25 or, 


sin wl +A(t) sin (wt o(t)j (6) 


are applied to the photomixer 39, ; 
Referring to the input Signals to Channel Two, the 
Signals 27 and 23 of, 


cos ot-+A(s) sin (ut+¢o(1)) (7) 


are applied to the photomixer 32, 

The photomicer, which may be a photomultiptier ur 
other tspe of phetcdetector may be in the conventional 
form of photosendtive device, WHICH pros ides converion 
of Estit to rhotocurrem, und current meattintiention, 

For a comprehensive deccription of the functions and 
Processes of a photodetector, reference may be made to 
an article, “Evatuatiag Light Demodulation™ by D. EL 
Calis und BL J. McMurtry, on poze. £4 to 60 of the 
McGraw-Hill puMication “Electronics.” April 6, 1964 
issue. The Poves of the article panticuturly inplcable, are 
rages $8 and 56, 

referring again te the optical inputs to Channel One, 
the following equztions may be set forth: 


Fy=kyV/P, sin ut (8) 
and 
Fy=4/P,(1) sin (wt+-¢(1)) 09) 


where Fy equals the electromarnetic fie!’ Strensth of the 
optsal reference beam 26: F2 equals the electromarnctic 
fleld strength of the erpiical echo beam 28: Py is the effec- 
live reference beam power fallirg on the face of the 
Photstube; P,(1} is the effective incident echo optical 
Power felling om the face of the phetotube and k is a 
consant revated ta the impedance of free space, 


Thus, 


7] 


f=p(F,+F,)2 (10) 
Where 7 is the current emitted from the photocathode; 
p is the responsivity of the photocathode in amperes per 
watt. ; 
Therefore, 
€n=iRy=pR (Fy +F2)? qi) 
Where es; is the output of the phototube and Ry, is the 
terminating Icad of the Phototube, : 
Thus, 


en =PRLURV PLO) Sia (wt + 9(1))4kW/Py sin at]? (12) 
ts 


PRA P(t) = A(t) 
and - 
eRykyPy=1 
then 


én {sim wf+A(1) sin (otto) }}2 | (13) 


Relative to. the ostical inputs to Channel Two, a corre- 
SPONJing equation may he drawa excert chat Fy the Sekt 
Strength of beam 27 would be represented as: 


Fi=/\/Py cos wt {14} 


while the term for Fy corespending to sigaal beam 23 
would be! the same as the term for .ignal beam 25, 


ah, 
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Thus the output 31 of rhotomixer 30 may be a vol‘aze 
bavir? a value as ey; above (Equation 13) and the out- 
Put 33 of photomixer 32 may be a voltage kaving & 
value eg3? 

€23=: [cos w+ ACr) sin [wt+to(t)}}? (15) 

Referring to the siznal output 31 of photomixer 30 the 

@quatien may be expanded to: 


@y= {sia wttA(s) sin [ost+e(t)]}2 
v= (sin at P+ 24(7) sin of sin [ur-Ee(r)} 
+{ACt) sin [ort e(sy})? (16) 


The term (sin wt)? contains a D.C. term and the sece 
ond harmonic of the cpiics] or transmitted carried fre- 
quency and is not accepted by the amplifier filter, 34. The 
term {A(s) sia [wt+-o6s))3? may be ignored because 
P(t), the echo sigzal power, is substantially «mater than 
Py, the refeience teum power, as a result of progagution 


at 


19 


15 


Josses, Hence. A(t) which equals .R,4\P,U) is much . 


smaller than unity, and [A(‘)]2 becomes negligibly 
small. The crose-preduct term 240+) sin wf sia 
fwt+-o(7)] is the term of interest since this term includes 
the characteristics of the vibrations of the target in a value 
sufficiently Righ as to be processed, The term of interest 
may be expressed as: 


2A(t) sin wi! sin [ette(s}} 
= AC) (cos (20t+¢(1)J+c0s [¢(1))}} (17) 
Signal 3f js sppiied to amplifer-filter, block 34, which 
amplifies the signal anJ filters out the high frequency 
components, 2u/. Low-p.ss filter 35 further filfers the sig- 
nal. Thus the signal at 36 may be expressed as: 


€,36¢)=A (1) cos [p(7)] (18) 


Thus the characteristics on the echo signal, which are 
a function ef the vibrational motions of the target, as 
expressed in mathematical equatiors have been isolated 
in Channel Ore at 36. 

The signal output 33 of photomixer 32, the result of 
mixing signcls 27 and 23, has been expressed above in 
Equation 15. The cross-product term, the term of interest, 
may be obiained in the same manner as shown for obtain- 
ing the cross-prodict term of signal e3;. The equivalent 
Cross-producuion term for signal 33 (233) may be rep- 
resented as: 

A(t) (sin [2¢-+¢(1)]+sin (1)} (19) 


The term of interest developed in the Channel Two 
Photomixer 32 is applied to amplifier-filter 39 and low- 
Pass filter 40 by which the high frequency components 
are attenuated. The cornponents 39 and 40 of Channel 
Two serve the some functions in Channel Two as com- 
ponents 34 and 35 scrve in Channel One, so that the sig- 
nal 41 may be expressed as: 


€41=A (4) sin [9(t)] (20) 


Thus the characteristics. on the echo signal, which are 
a function of the vibrational motion of tbe target, 93 ex- 
Pressed in mathematical equations have been isolated in 
Channel Two at 41. 

The signal 36 is applied 10 diode mixer 42 and the 
signal 41 is applied to diode mixer 43, . 

Also applied ‘to diode mixer 42 is the IF reference 
signal 47, with IF reference signal 48 being applied to 
diode mixer 43, . 

As previously described, cn intermediate frequency sig- 
nal is devetoned in IF oscillator, block 45. We employ a 
stable oscilaior providing an output signal of 10.7 mega- 
cycles (10.7 mc.) since such oscillator is readily available 
and the frequency of the sizaal is suMciently hish so as 
to be eubstantiniv. above the Richest frequesey of the 
charac-eristics. which may normaly be found on the echo 
signal as a result of the vibration of the turget 20, and 


40 


10.7 me. is a convenient frequency to use because of the 
teady availability of demedulation equipment, 

It sbou'ld be pointed out that the 10.7 me. sizaal serves 
as an intermediate fsequcncy signs] and intermediate fre 
quency signals of other frequencies: may be used, as de 
sired, sa long as the principles presented hercin are main- 
luined. It is desiratle, thouch net necessary, that the fre- 
quency of the intermed'ace frequency sional to be at least 
double. or in excess of doubie, the frequency of the high- 
ext ics expeciod sideband frequency in the echo 
Signal, 

The frequency of the signal outpet 44 of the IF oscil- 
lator 45 may be referred to as: 


Min 


This signal is applied to the IF phase splitter, block 46, 
which provides quadrature output signals 47 and 48, 
which may be represented as: . 


(47) = SiN met 


(21) 


(4g) == COS mt (22) 
The signals 47 and 36-are applied to the diode mixer 42 
which provides an output 50 which may be represented as: 
#0) = LAC) cos [¢(1)]+5in airy? 


==[A(t)]? cos? [9(1)] 4-24 (1) cos [o(1)} 
sin miut--sin? me 


and 


; (23) 
The signa's 48 and 41 are apolied to the diode mixer 43 
which provides an output 51 which may be represented as: 
Qs lA(r) sin [e1) tenes mr]? 

=[A(1)]? sin? (6(1)] 4241) sin [ot] 


cos eil-+cos? mi (24) 


erpectively, As seen previow ly, ACs}? 
and therefore the dest term cf 

and 24 may be nec!: Also. sir? mr asd 
sos? mit lead to D.C. and double frequency outputs. Dur- 
lag amplification each of the respective signals are efiece 
Ueely Gitered thus eliminating D.C. and double frequescy 
components so that the signal 54 may be expressed as: 


€¢§4) 24 (t) sin mt cos [¢(1)] (25) 
ard the signal 55 may be expressed as: 
€(53) = 2A (1) cos mt sin [(1)] (26) 


Expansion of the latter two signa! equations may be ex- 
pressed as: 


(54) = A(t) (Sin Prt o(t)]—sin (nit—g(t)]} (27) 
€:55) = A(t) {sin [nrt+-(t)]+sin [ont—g(t)J} (28) 


As previousty described she D.C. term. representing 
the cross-product of the reference signal and the echo 
signal was atienuated by the filter netw orks in cach chane- 
nel so that the signals 36 and 41 are the isolated echo 


information signals with carrier information suppressed. 


-By mixing the echo information sisnals 36 and 41 with 
the phase shifted intermediate frequency signals 47 and 


48 respectively two signals £0-and 51 are obtained each of 
which include the echo information on the intermediate 
frequency signal, each intermediate frequency signal 
shifted in phase with respect to each other, 

The signals 54 and 55 are the ampi‘fied signals $0 and 
S1 resrectively. 

Tt will be appreciated that the sienals $4 and $4 may be 
added cr summed, as by the sim g network, black 53, 
This will provide a signal « “A is the echo information 
reeenituted ig ampliud 1 frequency -medulation 
at the. intermediate tcy level. In order to 
i » signal, the carrier, 

ad by the action cf 

‘d, must be reinserted, 
- Fequired carrier fre- 


A has previously bec. 
the circuit elements alread: 
For the purpose of provi. 
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quency signal the output 44’, which is substantially the 
sums output as 44 of block 45, is also applied to the 
summing network 58 so that the signals §4, 55 and 4° 
ar- summed. Since the signal 44° is substantially us- 
shifted and is of the imtermediate frequency value, the 
signal 44” serves as the carrier signal, thereby providiag 2 
signal 56, the summed signal, which is the reconstructed 
echo signal at the intermediate frequency level. 

The use of the irtermediate frequency signal 48° as a 
carrier signal for the recenstrucied echo signal is con 
venient since the signal output is readily avzilable. Hows 
ever, in practicing our invention another intermediate 
frequency sonrce may be uscd for a caritr signal, if 
dsired, so lorg os the carrier signal is substintially ia 
phase and frequency to the intermedia‘e frequency signal 
used for miaing with the isoluted ecto signals in beth 
channels. 

Relative. to the summing of the signals 54 and S5, it 
will be found that the sum of the sieruls may be repre- 
sented as the sum of Equations 27 and 28 or, 


€(56)=2A(t) sin [ort (1) ] (29) 


The amplitude modulation component: on the recon- 


structed signal may be eliminated by a conventional im- . 


iter and the frequency modulation components may be 
recovered by conventional frequency demodulation tech- 
niques, 

This may involve the use of a frequency modulatioz 


discriminator, such as represented by block 59, which - 


represents both the amplitude modulation Simiter (AM 
limiter) and the frequency modulation discriminator (FM 
discrim). 

An integrator, such a5 represented by block 60 (Integ.) 
may be employed so as tu provide an oulput repiesentiag 
the instantaneous posiiion of the target and this latter 
Output may be applied to an indicator, such as 61 whiz 
may be a meter or recorder, A tansducer, such as a 
speaher or set of carphones, may be uxed so as to provide 
aa auditle indication ci the vibrutiens of the target, if 
desired, 

Referring to FIG. 2, a circuit diagram illustrating part 
of the circuitry which is represcnicd in block form in 
FIG. 1 is presented, The circuit diagram. of FIG. 2 is 
marked off with broken lines so as to indicate Channel 
One aad ‘Channel Two, Between the unarked off channels, 
a circuit which may be employed for a phuse splitter, 
a summing network, a limiter and FM discriminator is 
shown, 

It will be noticed that the circuit labeled Channe! One 
is a substantial duplication of the circuit labeled Channel 
Two. Therefore the circuit functions of Channel One will 
be described and such description: should be considered 
a description of the circuit functions of corresponding 
parts of Channel Two. 

Similar reference characters are used as between FIG. 
1 and FIG. 2 to indicate circuitry corresponding to the 
block form representations of FIG. 1. 

It will be noted that FIG. 2 indicates that two direct 
current (DC) voltage sources (+-150 v. znd —150 v.) 
are employed to drive the circuit with a comraor grourd 
or return represented by ihe conventional ground syimbok 
It will be appre. icd that the various signal valucs may 
be measureo or detected by conventional means, between 
the electrical points indicuted by the refe-ence character 
and common.:ground. 

Referring particularly to the citcuit blocked off and 
lubeled 46, the signal 44-from the IF oscillator (not 
shown) is applicd to the input Iubeled 44, The resistor- 
capacitor network 71, 72 serves as a phage shift netwerk 
to shift the phase of the signal 44 by 45° in one direction. 
The shifted signal is applied via Jed 75 to the grid of 
tube 76. The capacitor-resistor network 73, 74 serves as 
a phase shift network to shift the signal 44 by 45° in the 


ya 
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60 
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other directiun. This shifted signal is applied via lead 77 75 


to the grid of tube 78, This network provides two output 
signals, at the frequency of signal 44, shifted in phase 90° 
with respect to each other, 

Signal 47 is pickes off the cathode circuit of tube 76 
and applied to the diode mixer 42 of Chainnel One via 
the lead 47. Signal 48 is picked off the cathode circuit of 
tubs 78 and is applied to the ciode mixer 43 of Channel 
Two via lead *6, Each signal ‘s individually capacitor 
coupled, as shown. 

The photomixer 30 is represented in part, schemaiically, 
as the anode &0 of tube of the photomixer 30 coupled to 
a preampliser, Diock 81. The sisnal output of the phot » 
mixer ut 3f is applied to the control grid of a pentode o2 
in the amplifier-fiter 34, The amplified signal is coupied 
from the anode circuit of tube 82 to the low-pass filter, 
network 33, including capsciior 84 and coil 85. The sige 
nal output of the low-pass fiker is applied via lead 36 to 


‘the input of the diode mixer 42 along with the IF signal 


on 47, 

Tt will be appreciated that the signal at 31 may include 
low frequency comble or roise that is not necessarily 
characteristic of the vibrations or motions not of interest 
ef the target. 

Such noise or disturbances may arise, for example, from 
chances in the refractive index of the air medivn throush 
which the optical signal propagates. It may Ww desiruhle 
to wttenuate such low frequency noise. This may be ace 
complished by selecting the welues of capacitise-resisti ve 
network 63 and 64 so as to substantially atteauate such 
lew frequencies. This may have thee Tect of iicreasing the 
frequency level of the iow frequency of the Diund of fre- 
quencies passed by the filter network. The values of the 
Tesi.tive-capacitive network of resistor 65 und capacitor 
84 may also be selected so a: to effectively contro! the 
rance of frequency vilues o the band of frequencies 
passed, if desired, 

It will ke noticed thet the circuit of the several compo- 
nents of each channel are in conventio1al form. 

Tt will be eppreciated that the optical grequencies in- 
cluded in the signal at 31 are iiltered out so that the signal 
at 36 includes the characteristics of the vibrations of the 
target found on the echo signal. 

The combined signals at 36 and 47 are passed through 
the mixer diodes 86 and 87 to the primary coil of trans- 
former 88. The mixed signal is inducec: into the secondary 
Of transformer 88 and applied at 50 to the control grid of 
pentode 89 of IF amplifier 52, The amplified signal is 
picked off the plate circuit of tube 89 and applied via lead 
54 tu the summing network 58. 

The signal on Icad 55 is developed oy Channel Two in 
the same. manner as that described for Channel One. Sig- 
hal 55 is also applied to the summing network. 

The signal 44’, which is substantially the same signal 
as 44, is also applicd to the summing network to be added 
to the signals 54 and 55, the signal 44’ to serve as the 
carrier signat. The summing network, including capaci- 
tors 91 and 92, junction 93 and resistor 94, provides an 


output at junction 54 which output is applicd to the con-' 


trol grid of pentode 9S an FM limiter-discriminator driver. 
The anode circuit of tube 95 includes the primary of the 
tuned discriminator transformer 9§ which together with 
rectifier tube 97 and its associated filter network performs 
the desired phase detection. 

The output of the discriminator 's picked off the cath- 
ode circuit of tube 97, the output at 98 being a voltage, 
the instantaneous value of which is representstive of the 
instantaneous frequency of the echo sisnal, which is a 
measure of the instanancous velocity of the vibrating tar- 


Set The outprt 93 may be incegrated by RC network 69. 


to give a voltage vLich varies as the instantaaeous Pusi- 
tien of the vibrating tareet. The integrator output $9 may. 
be connected to an indicator =nd/or meter, 61, witch may 
Provide an indication and/or record, as for example, by 
use of a recerder, of the vibvations of the target 29 
(shown in FIG. 1). 
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Thus we have described an optical radar system for 
detecting and translating vibrations of a remote target 
which avoids the use of a second loval oscillator fer pro- 
viding a reference signal and which includes a dual chan- 
nel quadrature arranzentent, which has reconstructed the 
optical echo freqeuncy at an intermediate frequency bip- 

2). This system has the advantaze of overcoming the 
fold-over proble n and avoids the use of complex Gtmodue 
lation of signzis at aptical frequencies. Obvioucy, al- 
thouch certain alternate parts of the arrangement pre- 


sented herein have been succested, other altemiate are - 


rang:ments including rearrangement and substitution of 
parts may be mads, as will be familiar to those skilled in 
the art, without denurting from the spirit of the invention 
as defined b: the apy pended claims, 

Whit is claimed is: 

1. An optical system for determining the frequency 
of vibration of a remote body including: 

means for generating and transmitting a generally co- 
herent light energy beam toward the remote body, 

means for receiving reflected light energies from such 
remote body, said’ reflected licht cnergies shifted in 
frequency from thé cartier frequency thereof in ace 
cordance with the frequency of vibrctions of such 
body, and for providing a signal which is a function 
of said frequency shift, 

means for isolating said signal, 

means for generating a substantiaily constant inter- 
Mediate frequency signal, the flequency of which 
exceeds the frequency of the la-gest frequency shift 
of the reflected light energies, 

means for mixing said isolated signal and the constant 
intermediate frequency signa! for providing a com- 
plex signal haviig iatermediate Frequency character- 
istics modulated in frequency in accordance wita said 
frequency shift of the i.olated signal, 

a frequency modulation di-criminatc, for detecting the 
frequency modulation of tac intermediate frequency 
characteristics and for providing an output variable 
in accordance with such frequency modulation, 

Means responsive to said ostput for providing an in- 
dication in accordance with the value of said output 
so that the indication will vary proportionally to the 
vibration of the remote body. 

2. An optical system for cctecting and measuring the 

frequency of vibration of a remote body including; 
means for generating a continuous coherent electro- 
magnetic wave energy signal and for traasmitting 
said signal to a remote body, 

means for recciving signals so transmitted and reflected 
from the body, the reflected signal including a char- 
acteristics, the value of which is proportional to the 
frequency of vibration of the remote body, 

means for homodyning a portion of the transmitted 
signal and the reflected signal for providing a com- 
plex signal, 

means for isolating the said characteristic from said 
complex signal, 

means for gencrating an intermediate frequency signal 
Sar frequency of which iy areater than the frequency 
value of said characteristic included on said reflected 
signal, 

mears for mixing said isolated characteristic and said 
intermediate frequency signal so that the intermedi- 
ate frequency sigaal is modulated in accordance with 
the characteristic.an said refected signal, 

means for separating the modulation of the modulated 
interrnediate frequency signals, 

means far detecting the modulation of said modulated 
intermediate signal and for providing an output rep- 
resenting such modulation, 

3. An optical system as in claim 2 and in which said 
output is proportional to the modulation characteristic of 
said modulated intermediate frequency signal and further 
including, 
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means responsive to said output for providing aa ina- 
dication of the value of said output. 

4. Aa optical sysism for determining the frequency 

of vibration of a rem ue, vitrating body including; 

meaas for generitag and transmitting generally co- 
herert Wight bear: enerey ta a.rcmoze vibrating body, 

means for resciving reflectea Licht energies from such 
remote, vibrating body and said refected Hght ene 


ergies including thereon erergy characteristics rep 


resenting the frequency of such vibrations, 

scans for mixing a portion of the transmitted light 
energies with the reflected ght energies in each 
each two chanazls, 

mens for attenuaing the Eyht enersies of the mired 
energies and for ysassing and amolifying the cnar- 
acteristics represerting said vibrucions, in eaca of 
two channe!s, 

Ment for generting a substanially constant inter 
Mediate frequeacy signal, the frequency of which 
exceeds the frequency value of the characteristics 
representing sod svib-ations, 

means for providirg two intermediate frequency signal 
cutputs in phase quedrature, 

means for mixing said characteristics of one channel 
with one outpst of said two intermediate frequency 
8 enal outputs, 

mens for mixing said characteristics of the other chan+ 
nel with the other output of said two intermediate 
f equency sigral outputs, 

meuns for sumining the outputs of the last two men- 
tiened means for mixiaz, and for adding said con- 
Stant iatermedicte freqcency signal as a carrier sig- 
nal, 

means for demcdaulating the output of said suniming 
miguns for previding an output, variable in accord- 
ance wilh the frequency modulation of the output 
of the sumining means, 

meuns responive to the output of the demoduliting 
means for providing an incicaiien in accordance with 
tc value of the varitble output so that the indi- 
catioa Will vary proportionally with the freqveacy 
ef vitrution of the remate, vibratinz body. 

5. An optical system for determining the frequeucy of 

vibration of a remote, vibrsting body including; 

mezns for gerercting and trunsmitling generally co- 
herent optical frequency electromagnetic waves to a 
remote, vibrating body, 

meinrs for receiving reflected electromagnetic waves 
from such remote vibrating body, said reflected elec- 
tromagnetic wave including thereon information of 
the vibrating characteristics of such remote body in 
terms of amplitude change and phase shift of said 
optical frequency electromagnetic waves, 

means for homodyning said transmitted optical fre- 
quency waves and said reflected waves in a first 
channel, 

means for homodyning said transmitted optical fre- 
quency waves and said reflected waves in a second 
channel, 

mears in each said first and said second channel for 
extracting and amplifying the amplitude change and 
extracting the phase shift of said refiected waves, 
resrectively to provide signals indicative thereof, 

means for generaung an intermediate frequency sicnal 
and for providing at least two intermediate frequency 
signal outputs shifted in phase with respect to each 
other, 

means for mixing the sienal from said first channel 
wita one intermediate frequency signal cutput, 

means for mixing the signal fron, said seccnd channel 
with the other intcrmediate frequency signal output, 

means for summing the outputs of the two mixing 
means and for adding said intermeditae frequency 
signal thereto as a carrier signal for providing an 
intermediate frequency signal, frequency modulated 
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in accordance with the phase shift of said reflected 
clectromannetic waves and anplitide modulated ja 
accordance with the amplitude modulation of said 
Fellected waves, so that the vibrational character- 
istics are reconstructed in terms of frequency modu- 
Jaticn and ainplitude modulation at the intermediate 
frequency signa! frequency, 

means for [Emiting the amplitude modulation of the 
output of the summing means, 

meaas for Comedulsirg the frequency mextalated, 
limited intermediate frequency signal outpu: for pro- 
viding an output varicMe in accordance with the 
frequency modckuion of the modulated interme. 
diate frequency signal, 

means respinsive to the variable output of the demodu- 
lating means for providing an iadicatiun ia accord 
ance with the value of suid variable output so that 
the indication may vary in proportion to the vibra- 
tion of the remote vibrating body. 

6 An optical system as in cisim 5 and in which each 

said means far homody ning includes: 

&@ photuculiplicr having an input and an output, 

means for deficcting part of the transmitted oytical 
frequency electroriienetic waves tu suid inpu:, and 

means for defechng part of the reflected electromag- 
Nelic Wives to suid input. 

7. An optical system as in claim § and in which each 

said means for honnalyning includes; 

a photomultiplier having in input and an output, 

means for detecting part of ihe transmitted optical 
frequenty electromeognetic waves to said input, 

means for deflecting purt of the reflected electromag- 
Netic Waves to Suid input, and 

means for shifiing the rhuse of one of the deflected 
transmitted omical frequency electromucnctic waves 
so that the outputs of the respective photomultipliers 
are substaniially 90° out cf phase with respect to 
each other. 

8. An opiicul system as in claim § and in which the 
frequency of the intermediate frequency signal is sub- 
stantially higher thin the highest frequency of the phase 
saift on the reflected electromaenetic waves and sub- 
tantially lower than the frcysency of the optical fre- 
qtiency transaiifted sicnal, and 

said two intermediate frequency signal outputs are 
shifted in phase 90° with resrect to each other. 

9. An optical receiver for an optical radar system for 
recon-tructing information on reflected optical frequency 
signals at x substantially lower, intermediate frequency 
signal level including: 

means for transmitting generally cohzrent optical fre- 
quency sionals toward a reflecting surface, 

a first channel for receiving and homodyning a portion 
of the transmitted optical frequency siznal and a 
portion of the reflected optical frequency signal, and 
including, 

means for filtering the homodyned signal of said first 
channel for providing a first output representing the 
information on ihe reflected optical frequency siznal, 

a second channel for recciving and homodyning an- 
other re.'ion of the transmitted optical frequency 
signal and ancther portion of the reflectec optical 
frequency signal, and including, 

mean; for filtering the homodyned ciznal of said second 
channel for providing a secend output representing 
the information on the refiected optical frequency 
signal, 

means for generating and ‘providing an intermediate fre- 
quency signal aed fer further providing two signal 
oulpuis equal in frequency to said inter:nedicte Free 
quency signal afd displaced 90° in phase with re- 
spect to euch oiher, 

means in said first channel for receiving and mixing 
said first output anc! one signal output of said two 
signal outputs, 
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means in said second channe! for receiving and mixing 
said second output and the other signal output of 
said two signal outputs, 

means for summing the mixed <‘gnal outputs of eoch 
said first. channel and said second channel and for 
adding thereto saiJ intermediate frequency siznal as 
a carrier signal so that the said reflected optical fre- 
quency signal is reconstructed at the intermediste fre- 
quency signal level and the sid information on the 
reflected optical frequency signal is the frequency 
modulztion of the intermediate frequency signal. 

10, A radar receiver for an ontical radar system as 

in claim 9 and in which said receiver farther includes: 
means for demodulating the intermedicte frequency 
siznal so frequency modulated for providing an out- 
rut variadle in accordance with the frequency modu- 
Nation VLaraeteristie 

12. An optical receiver for an optical radar system for 
reconstructing inform>.ion on reflected opiical frequency 
signals at a substantially lower intermediate frequency 
Signal tevel including: 

means for generaling and transmitting generally co- 
herent optical frequency signals toward a reflectiag 
surface, ; 

a first channel for receiving and horiodyning a portion 
of the transmitted optical frequency siznals and a 
portion of the reflected optical frequeney signals, and 

means for fitering the homodyned signal of said first 
chunnel for providing a first outrut representing the 
informatica on the reflected optical frequency sig- 
nal, 

a second channel for receiving and homedyning an- 
other portion of the transmitted ontical frequency 
signals and another portion of the reflected optical 
frequency signals, 

meons for filtering the homodyned signal of said second 
channel for providing a second outcnt representing 
the information on the reflected optical frequency 
signal, and 

means for shiftirg the phase of said other vartion of the 

"transmitted cptical frequency sienal so that the phase 
of said second output is shifted substantially 90° 
with respect to the phase of said first output 

means for generating and providing an intermediate fre- 
queacy siznal and for furiher providicg two signal 
outputs equal in frequency to ssid infe mediate fre- 
yuency signal and displaced $0° in phase with re- 
spect to each other, 

means in which said first channel for receiving and 
mixing snid first output and one signal output of said 
two signa! outputs, 

means in said second channe! for Teceiving and mixing 
said second output and the other sizial outcut of 
Said two signal outputs, 

said mixed signal of said first channel and said mixed 
signal of said second channel having a phase dif- 
ference of substantially 180°, 

neans for summing the mixed signal ovtputs of said 
first channel and said second channel and for adding 
thersto said intermediate frequency sicnal as a 

. earricr sisnal so that the said reflected optical signal 
is reconstructed at the in‘ermediaze frequency sicnal 
level and the information on the said refectad ontical 
frequeacy signal is the frequency modulation of such 
intermediate frequency signal. 

12. An optical receiver as in claim 11 and further in- 
cluding, 

means for demodulating said intermediate frequency 

ignal for providing an output representing such fre- 
quency medulation. 

13. An optical receiver as in claim 12 and in- which 
said output of said demodulation means is varizble and 
proportional to the frequency modulatio; of said inter- 
mediate frequency signal, and further including, 
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means responsive to said output of said demodulation 

means for providing an indication of the value of such 
output. 

14. Av optical receiver for an optical radar system in 
whica generally echerent signals at optical frequencies 
are generated and transmitted to a body in motion and 
said transmitted signals are redected fron said Feady to 
said receiver, said reflected sisnals including thereon 
characteristics related and proportional to the moticn of 
said body, said optical receiver including: 

means for homedyne mixing a portion of the trins- 

mitted optical frequency signals and a portion cf 
the reflected signais ia each of two quadrature 
channels, 

each channel further including, 

means for isolating the characteristics related and pro- 

portional to the motion ef said body from the houmo- 


dyned signals provided by each homodyning means 


respectively, as outputs, 

means for mixing the iolated characteristics outputs 
with an intermediate frequeacy sigaal, 

means, common to both channels, for generating said 
intermediate frequency signal, 

Ineans, common to both channels, for providing two 
signals at the frequency of the said intermediate fre- 
quency signal, with ench signal displaced in phase so 
us to be $0° ort of phase with respect to each other, 

means for applying one sigual of said two signals to 
the mixing means of one channel of said two quad- 
rature channels and for applying the other sienal 
of said two signals ta the mixing means of the other 
chaznel of suid iwo quadrature channels, 

means, common to both chinnels, for electrically add- 
ing the outputs of both said mixing means, and for 
adding thereto said intermediate frequency signal so 
as to provide a signal the carrier frequency of which 
is equal to the frequency cf the intermediate fre- 
quency signal and frequency modulated in accord- 
ance with the characteristics related and proportional 
to the motion of said body, 

mans for demodulating the signal output of the adding 
means for providing a signal variable in accordance 
with the frequency modulation of said signaf output 
of the adding means, 

Means responsive to said varjable signal for providing 
an indication in accordance with the value of said 
variable signal so that the indication will vary pro- 
portionally to the motion of the said body. 

15. An optical receiver as in claim 12 and in which 
one said means for homocyne mixing of one channel of 
said two quadrature channcls includes, 

means for shifting the phase of the said portion of the 
transmitted optical frequency signal so that the homo- 
dyned signal of one channel is shifted substantially 
$0° with respect to the homodyned signal of the other 
channel. 

16, Ax optical receiver for an optical radar system in 
which generally coherent signals of radiant electromagnetic 
energies at optical frequencies are generated and trans- 
mitted toe a body in motion and in which the transmitted 
signals are reflected from said’ bedy to said optical re- 
ceiver, said reflected signals including thereon charac- 
teristics related to and proportional to the motion of said 
body, said optical receiver inc cluding; 

a first photomixer for mixing optical frequency signals 

and having an input and an output, 

a second photomixer fer mixing optical frequency sig- 
nals and having an input and an cutput, 

means for deflecting part of the optical frequency trans- 
mitted signals for providing a first reference signal 
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and for directing said first reference signal to said 
input of said fiet photomixer, 

means for defscting another part of the optical fre- 
quency transmitted signals for previding a cecond 
feference siznal und for directing said second refer- 
ence signal to said input of said secord photomixer, 

meons for d:? sting one part of the optical frequency 
reflected siz vals to said input of sald first pbhotomixer, 

means for ceSecting another art of the optical fre- 
quency reSiccied signals to said input cf said second 
photomixer, 

said one part cf the reflected signats and caid other part 
of the reflecied signals having a Phase diTerence of 
@ at two selected arbitrary points in the network, 

means for shifting the phase of said szcond reference 
signal by 6e/, so that the phase shift differential be+ 
teen the chuse difference Bee: the said first ref- 
erence sigan! and said one part of the reficeted signal 
and the ae difference between said second refer 
ence signal ond scid oiber part of the reflcted sircals 
is subsiantivily w/, at Une said arbitrary points in the 
network, 

means for sttenuating the optical frequency com 
ponents from the output signal of the first photo. 
mixer, so cs to provide a first filtered signa) repte- 
senting the characteristics on sidd reflected signal, 

meuns for atienaating the optical frequency components 
from the ousput sional of the secend phatomiser, 30 
as to provics a second filtered signal representing the 
characteri-tics an said reflected signal, 

means for providing a first intermediate frequency 
signal, 

‘means for providing two signals, substantially equal in 
frequency ta suid Sst intermediate frequency signal 
and shifted in phase r/, with respect to eoch other, 

means for mixing sald first filtered cignal and one signal 
of said two s’gnals, for providing a first outrun siz aad 


at the internsediate frequency and frequency molt 
fated in. accerdance with the modzlauon of said nast 


filtered signal. 

means for mixing said second filtered signal and the 
other signs! of said two signals, for providing a 
second output signal at the intermediate Mequency 
and frequency modulated in vecord.nce with the 
modulation of said second filtered sicnal, 

said frequency modulation of said fir. output signal 
being substanticiy 1867 out of phase with the tre 
quency modulation of said second output signal, 

means for summing said first output signal and said 
second output signal and for adding thercto said first 
intermediate frequency signal for providing a final 
frequency modulated intermediate frequency signal, 

means for demodulating said final frequency modulated 
signal and for providing a final output which varies 
in value in accordance with and proportional to the 
motion of said body. 
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